In order to improve our understanding of scientific data users' data usage behaviors,
INTRODUCTION
Scientists proposed that the fourth science paradigm, called data-intensive science, is emerging (Bell, Hey, & Szalay, 2009 ). In the new paradigm, the way by which scientific data are captured, preserved, and analyzed has been fundamentally changed. While most existing studies of this new science paradigm focused on building up infrastructure, yet very few studies focus on the -users‖ of scientific data, although the importance of understanding users' workflows and practices has been recognized by visionaries of the new paradigm (Atkinson & De Roure, 2009; Borgman, 2007; Gray & Szalay, 2007) . Jim Gray once indicated that without integration of users' workflows and practices with the data infrastructure, even the best system will fail to gain widespread use. Recently the UK's e-Science institute has called for attention to make the best use of scientific data by engaging with and evaluating the best data-intensive research practices [5] .
This study endeavors to improve our understanding of users of scientific data, particularly, their data usage behaviors. We chose a frequently cited data-intensive science project, called Sloan Digital Sky Survey (SDSS) (York, et al., 2000) , as our case. We are particularly interested in how SDSS data have been used in astronomical research.
As more scientific data will be produced and archived in the near future, and various data center have been proposed and built, findings from this study could help data practitioners to better know their users, and to gear their infrastructures to meet the needs of users.
METHODS
In order to reveal scientists' data usage behaviors in the SDSS project, we used SDSS-related publications as our research data since this kind of data is informative and directly available. Based on the data, we utilized content analysis method which, as demonstrated in various previous studies, can reveal deeper insights from text-based data by leveraging human beings' powerful perceptual abilities.
We interviewed a small group of astronomers for developing a code book of content analysis in which we defined basic concepts, constructed questions that coders need to answer. Then 200 papers were randomly sampled from a population that has near 3,000 SDSS-related papers, which were retrieved from NASA ADS digital library. Three coders manually coded the 200 papers and found results about what data sources scientists used in their research, how many data sources a study used, what the data volume was in each study, and how scientists used data from different data sources. We used Krippendorff's alpha (Krippendorff, 2004) value to check the inter-coder reliability for subjectively judged measures. For all 200 coded papers, the reliability values are all larger than 0.7, which is conventionally acceptable.
RESULTS
Due to the limit of space, we only reported three major results in this section.
Data sources
In the 200 SDSS-related publications, the majority (169 out of 200 papers) directly used observational data to conduct their research. Nearly half (98 papers out of 200) used one data sources only, while other 71 papers used two to five data sources. Only a few (7 papers) used four or more data sources in their study. This is the space reserved for copyright notices. In the 169 samples, there are a total of 272 data source instances used, which belong to 47 unique data sources. 
Data volume
In the 169 papers that directly used observational data, we identified the number of astronomical objects that were analyzed in each paper. Most papers explicitly gave the number of analyzed objects, while a few (12 out of 169) did not. Figure 1 depicts the distribution of papers based on the categorized number of objects, and color-coded if the paper used SDSS as the only data source.
From figure 1, it is clear to see that the number of analyzed objects in the 169 papers is in all scales, ranging from a single object to data sweeps over millions of objects. And studies that analyzed a small number of objects are the norm. However, among studies that used SDSS as their only data source, the majority of them used large number of objects, larger than tens thousands.
Co-used Patterns of Data Sources
We used association rule method to find out what the coused patterns of data sources. We found that -SDSS‖ and -Their own data collection‖ are the most common pairwised co-used data sources (35 times). The -SDSS,‖ -Their own data collection,‖ and -2MASS‖ have been co-used five times, becoming the most common three co-used data sources. Based on the co-used patterns, two kinds of data sources co-used models emerged, named -Follow-up model‖ and -Cross-match model.‖ Due to the page limit, we only brief the scenario of Followup model here. In studies that follow this model, researchers queried the SDSS database for objects that they were interested in. From the search, researchers usually generate a set of objects as candidates for follow-up observations since they believe these candidates may lead to new discoveries. A follow-up observation then is conducted in telescopes on the ground or in the space. Combined their own data with SDSS data, researchers would be able to answer research questions they are interested in.
CONCLUSION
From overall results we research the following conclusions.
1. Near half studies in SDSS relied on one data source. A few studies were able to use three or more data sources; 2. Studies that analyzed a small number of objects are the norm; 3. Users are not only consumers of scientific data. They are also data producers; 4. Studies that were able to utilize multiple large scale data sources for their research purposes are rare. 
